Aiming to evaluate the effect of degumming methods and natural drying, as well as, the influence of different periods of seeds in quicklime solution on Punica granatum L. germination, were conducted two experiments. At first, the seeds from ripe fruits were subjected to the following sarcotesta extraction: natural fermentation at room temperature, during 72 hours; immersion in quicklime (CaO), during 24 hours; and non-degumming, taken as control. For the second experiment, the extraction method was carried out by the following mixture: seeds, quicklime, and distilled water; differing the immersion period (5, 10, 15, 20, and 25 hours). In both, the experimental design was completely randomized, performing the water content and germination test. The quicklime method is efficient to degrade and to eliminate the sarcotesta on P. granatum seeds, and the drying process provides a better germination. In addition, there is a linear increase on seed physiological quality when upgrades the immersion period in quicklime solution.
Introduction
The pomegranate (Punica granatum L.) is a woody shrubby plant, native from Iran and Himalaya region. It presents spherical fruits and seeds involved by pulpy sarcotesta (Ferreira, 2004) . The species has several therapeutic properties, which awakes the interest of the pharmaceutical and food industry (Werkman et al., 2008) .
In commercial scale, the pomegranate propagation is performed by seeds (Kanwar et al., 2010; Batista et al., 2011) . However, germination problems are commonly found in several species. For this specie, have been reported problems as propagation that are influenced by the seed dormancy, which causes desuniformity and unsatisfactory seedlings establishment (Materechera & Seeiso, 2013) . Similarly, others factors can affect the germination such as the seed sarcotesta, which can persist adhered on the seeds. This effect was confirmed in seeds of Passiflora edulis (Martins et al., 2010) and Carica papaya (Melo & Seleguini, 2013) . In this way, to preserve the physiological seed quality in order to obtain the maximum germination, emergence and seedling uniformity, the sarcotesta must be removed adequately (Cardoso, 2011) .
Several procedures can be applied as a method to eliminate the sarcotesta to improve the germination rates, but few studies concern pomegranate (Lopes et al., 2001; Olmez et al., 2007; Gokturk et al., 2012) . Among the extraction methods, the fermentation process is commonly utilized for quite a few species. Studies about pomegranate have shown an increase on seedlings vigor originated from seeds submitted to 72 hours of fermentation (Lopes et al., 2001) . Others treatments as quicklime (CaO), can also be used to eliminate the mucilage from fleshy fruits (Silva, 2012) . This technique has been investigated by several authors in different species (Martins et al., 2006; Freitas et al., 2011; Osipi et al., 2011; Aguiar et al., 2014; Santos-Moura et al., 2014; Araújo et al., 2015) ; but, at the same time, its effect on pomegranate seeds still unknown. during the storage (Carvalho & Nakagawa, 2012) . Under these circumstances, it is required to conduct investigations to clarify the effect of drying process for pomegranate seeds compared to the different methods of sarcotesta extraction, emphasizing to the dormancy caused by the seed coat (Silva, 2013) . Therefore, aiming to evaluate the effect of three degumming methods, associated or not to the natural drying; as well as the influence of different periods of seeds in quicklime solution on germination of P. granatum, there were conducted two experiments.
Materials and Methods
Two experimental tests were conducted at the Seed Analysis Laboratory of the Northern Paraná State University, Bandeirantes, Brazil.
Experiment I
For the first experiment, there were used 12 ripe fruits from different plants. The seeds were manually removed from the fruits, divided into three equal parts and submitted to different methods of sarcotesta extraction.
In the first method, the seeds were fermented in sugar solution (10%) during 72 hours, at room temperature. The second, consisted in addition of quicklime (CaO) and distilled water on the seeds, placed inside a Becker until complete mixture in volumetric proportions of 3:2:5, respectively. The seeds reposed for 24 hours in this solution. Also, there was performed a treatment as control: the seeds were not submitted to degumming process, remaining with the sarcotesta.
After each method, the seeds were washed on steel sieve under running water for two minutes. Then, each part was divided into two portions, one was laid on absorbent sheet to dry out at room temperature during three days, and the other portion was immediately carried the germination test out.
The determination of seed moisture content was performed utilizing the oven method at 105±3 °C during 24 hours (Brasil, 2009) The evaluations were performed at 7, 14, 21, 28 and 35 days after sowing by counting germinated seeds, considering those with radicle length equal or greater than two millimeters. From these data, there were evaluated weekly percentages of germinated seeds and at 35 days after sowing, when occurred the germination stabilization, there were counted the total of germination percentage and germination speed index (GSI) based in the Maguire's formula (1962), as well as, the percentage of normal seedlings, abnormal seedlings, and dormant seeds (Brasil, 2009 ). The experimental design was completely randomized in a factorial design of 3×2, combining three degumming methods of seeds submitted or not to dry.
Experiment II
For the second experiment, there were used 12 mature fruits from different plants. The degumming method was carried out by the mixture of seeds, quicklime (CaO) and distilled water (5:3:2, respectively), varying in 5, 10, 15, 20 and 25 hours the time that the seeds were laid in the solution. After each period, the seeds were washed on sieve under running water for two minutes and placed on absorbent sheet to dry out, during three days. The seed moisture content and the germination test were performed similarly to the previous experiment. The experimental design was completely randomized using five treatments (5, 10, 15, 20, and 25 hours) and four samples of 50 seeds.
All data were submitted to ANOVA, and means compared by Tukey's test at 0.05 of probability (Experiment I) and by polynomial regression (Experiment II). The data, when necessary, were transformed to arcsin ((x/100) 1/2).
Results and Discussion

Experiment I
The interaction between extraction methods and drying was not significant for the characteristics analyzed at the Table 1, indicating that the factors act independently. On the other hand, the factors were dependent for percentage of normal seedlings (Table 2) , occurring an interaction between them. Note. * Equal letters, lowercase in the row and uppercase in the column, do not differ by Tukey's test at 0.05.
The quicklime method highlighted compared to the others, providing better results with 70% of germinated seeds, 4.44 of germination speed index (GSI), and 53% of normal seedlings, representing 75% from the total of germination percentage at 35 days. This treatment promoted a faster and more uniform germination at the first week, while the others just started at 7-14 days after sowing (data not shown). It is noted that the control and the fermentation method did not accelerate or increase germination, germination speed index, and normal seedlings as occurred for the quicklime method; but in contrast, it provided a substantial percentage of dormant seeds (Table 1) .
Investigations regarding sarcotesta extraction, as quicklime method, on pomegranate seeds do not exist in the literature. However, studies on other species have shown positive results (Martins et al., 2006; Osipi et al., 2011; Aguiar et al., 2014; Araújo et al., 2015) . Similarly, Silva (2012) relates that this method promotes a chemical seed scarification causing the breakage and abrasion of the sarcotesta, which increase the water permeability and germination, as seen in this study.
Among the quicklime method to degum seeds, there are manual friction with quicklime on sieve under running water for Passiflora edulis (Pereira & Dias, 2000; Aguiar et al., 2014) , Jacaratia spinosa (Freitas et al., 2011) , Hylocereus undatus (Alves et al., 2012) or seed immersion in quicklime solution for P. edulis (Martins et al., 2006) and Passiflora alata (Osipi et al., 2011) , during 10 minutes.
Furthermore, the low values in seed quality for the fermentation method were similar to those observed by Lopes et al. (2001) , where the pomegranate seeds subjected to 72 hours of fermentation and subsequent drying, exhibited emergency percentage and emergence speed index (20% and 0.2, respectively), much lower than those obtained by fermentation and no drying.
The fermentation process has also brought conflicting results when used to remove the seeds mucilage from other species. In this way, Pereira and Dias (2000) , Martins et al. (2006) and Aguiar et al. (2014) observed that fermentation did not influence the germination of P. edulis seeds, as observed in this study. Conversely, São José and Nakagawa (1987) noticed that extraction by fermentation method improved the quality of P. edulis seeds.
Regardless the extraction methods, drying seeds provided higher germination percentage, germination speed index, and normal seedlings (Table 1) compare to those that were not subject to this process. Marcos Filho (2015) reported that drying is one of the factors that can affect the seed quality during the production process, because jas.ccsenet.org Vol. 9, No. 10; 2017 the reduction of the water content acts slowing down the metabolism, contributing to reduce the deterioration rate and increase the storage period, without loss on physiological quality.
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For the characteristics seed water content, fresh and dry matter of 100 seeds (Table 3) , it was observed an interaction between the factors. Independently of drying, the sarcotesta presents on the control seeds provided higher fresh and dry matters, and the highest water content when submitted to dry. This effect might indicate that the seeds that were not submitted to sarcotesta extraction could absorb moisture from the air, instead losing to the ambient during the drying process. Note. * Equal letters, lowercase in the row and uppercase in the column, do not differ by Tukey's test at 0.05 probability level.
The water content provided by quicklime and fermentation methods without drying differ statistically, which the fermentation shows the highest value. After drying, both became equal and differed from the control. The results are in agreement with Lopes et al. (2001) , whom reported high water content (80%) in pomegranate seeds under fermentation and no drying, decreasing the water content when it was submitted to dry (20%).
Moreover, Materechera and Seeiso (2013) submitting the pomegranate seeds to different scarification techniques reported that drying process and sulfuric acid treatment promoted, significantly, higher water imbibition (9.6 versus 17.8 mm h -1 ) and germination percentage (25 versus 68%) compared to fresh seeds. They also observed a significant correlation (r = 0.83, p < 0.01) between water imbibition and germination, describing that seed treatments strengthen both. In this sense, the use of quicklime in this study provided analogous results to those obtained by Materechera and Seeiso (2013) .
Similar to this study, the low germination or emergence percentage promoted by the control (presenting sarcotesta) was also observed in other species; such as, Eugenia jambolana, 18% (Araújo et al., 2015) ; Carica papaya, 24% (Melo & Seleguini, 2013) ; and P. alata, 6% (Osipi et al., 2011) . This may indicate that the substances compounding the sarcotesta or aryl inhibit the seed germination. Several studies can confirm those substances in some species, including Talisia esculenta (Alves et al., 2009) ; P. edulis (Martins et al., 2010) ; P. alata (Osipi et al., 2011) ; C. papaya (Melo & Seleguini, 2013) ; and E. jambolana (Araújo et al., 2015) . Martins et al. (2010) using extract from P. edulis aryl associated to dichloromethane and tween, obtained a reduction in the Lactuca sativa germination and high percentage of dormant seeds, presenting similar means to those noticed in here when the sarcotesta was not removed from the seeds ( Table 1 ). The authors believe that some substances presenting in the extract may have contributed to inhibit the germination process, as can be seen by the high percentage of non-germinated seeds exposed to negative water potentials. It did not allow the water absorption due to the presence of hydrophobic molecules, such as, unsaturated triglycerides that build a barrier against the absorption. Also, they report the possibility of the steroids presence, which are substances that can act as hormones or can unbalance it, competing to the active site and/or inhibiting the action of essential hormones.
For the abnormal seedlings (Table 2) , the extraction methods using fermentation associated to drying and quicklime presented the highest percentage. The quicklime was not influenced by the drying process, since there was not observed statistical difference for this factor. In contrast, it is noticed that drying affects negatively the seeds from fermentation method as those without degumming, providing higher percentage of abnormal seedlings. Concerning to the fermentation method, the results corroborate to Lopes et al. (2001) observing that drying seed at laboratory during nine days, promoted a reduction on viability and vigor of P. granatum seeds.
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Experi
By the reg periods (h percentage elevate ger seedlings percentage As well as, the quicklime treatment was studied in this experiment, the fermentation was efficient to degrade and eliminate the sarcotesta on P. granatum (Lopes et al., 2001) , P. edulis (Cardoso et al., 2001) , T. esculenta (Alves et al., 2009) , and Crataeva tapia (Santos-Moura et al., 2014) seeds, promoting greater seed vigor and seedling emergence in a short period of time.
Conclusion
The quicklime method associated to drying, for three days, is efficient to degrade and to eliminate the sarcotesta on Punica granatum L. seeds, promoting better physiological quality. Also, there is observed a linear increase on germination percentage, normal seedlings, and germination speed index when upgrades the immersion period in quicklime solution until 25 hours.
